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CHRONIC TOXICITY SUMMARY

CRESOL MIXTURES

Compounds Synonyms CAS Reg. No.
cresols cresylic acid; tricresol; hydroxytoluene; methylphenol 1319-77-3
o-cresol 1-hydroxy-2-methylbenzene; 2-hydroxytoluene;

2-methylphenol
95-48-7

m-cresol 1-hydroxy-3-methylbenzene; 3-hydroxytoluene;
3-methylphenol

108-39-4

p-cresol 1-hydroxy-4-methylbenzene; 4-hydroxytoluene;
4-methylphenol

106-44-5

I. Chronic Toxicity Summary

Inhalation reference exposure level 600 µg/m3  (100 ppb)
Critical effect(s) Neurotoxicity
Hazard index target(s) Nervous system

II. Chemical Property Summary (HSDB, 1995; CRC, 1994, unless otherwise noted)

Description Colorless in pure form; yellowish, brownish-
yellow, or pinkish liquid

Molecular formula C7H8O
Molecular weight 108.14 g/mol
Boiling point 191.0°C (o-cresol)

202°C (m-cresol)
201.9°C (p-cresol)

Melting point 29.8°C (o-cresol)
11.8°C (m-cresol)
35.5°C (p-cresol)

Solubility Soluble in 50 parts water; miscible with alcohol,
benzene, ether, glycerol, petroleum ether;
soluble in vegetable oils, glycol

Conversion factor 4.42 µg/m3 per ppb at 25ºC
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III. Major Uses and Sources

Cresol compounds (mixtures of the ortho-, meta- and para-isomers) can be obtained from coal tar
and petroleum or synthesized by sulfonation or oxidation of toluene (HSDB, 1995).  Crude
cresol (commercial grade) contains approximately 20% o-cresol, 40% m-cresol, and 30% p-
cresol.  Phenol and xylenols are present in small amounts as contaminants.  Cresylic acid
compounds are called cresol when the boiling point is below 204°C.

Cresols have a wide variety of uses including the manufacture of synthetic resins, tricresyl
phosphate, salicylaldehyde, coumarin, and herbicides.  Cresols also serve as components of
degreasing compounds in textile scouring and paintbrush cleaners as well as fumigants in
photographic developers and explosives.  Cresols also function as antiseptics, disinfectants, and
parasiticides in veterinary medicine.  An approximate breakdown of cresol and cresylic acid use
is 20% phenolic resins, 20% wire enamel solvents, 10% agricultural chemicals, 5% phosphate
esters, 5% disinfectants and cleaning compounds, 5% ore flotation, and 25% miscellaneous and
exports.

Any combustion process, which results in the generation of phenolic compounds (such as
automobile exhaust or coal, wood, or trash smoke), may be a potential source of exposure to
cresols.  Cresols are also formed from the atmospheric photooxidation of toluene.  However,
under normal conditions low vapor pressure limits the inhalation hazard presented by cresols
(HSDB, 1995).  The annual statewide industrial emissions from facilities reporting under the Air
Toxics Hot Spots Act in California based on the most recent inventory were estimated to be 8407
pounds of mixtures of cresols (cresylic acid), 3 pounds of m-cresol, and 3 pounds of o-cresol
(CARB, 2000).

IV. Effects of Exposures to Humans

Brief exposure to 6 mg cresol/m3 resulted in irritation of the throat and nose, nasal constriction,
and dryness in 8 of 10 subjects (Uzhdavini et al., 1972).

Chemical burns may result from exposure to cresols (Pegg and Campbell, 1985).  The lungs of
humans exposed to cresols have shown signs of emphysema, edema, bronchopneumonia, and
small hemorrhages (Clayton and Clayton, 1982).  Skin contact has resulted in the development of
white patches and blistering, eventually turning brown or black (Lefaux, 1968).  Other reported
effects include turbidity, inflammation, and fatty degeneration of the liver, nephritis, and
hemorrhage of the epicardium and endocardium.  An infant fatally exposed to ~20 ml of a 90%
cresol solution dermally showed widespread edema of the internal organs, especially the brain
and kidney (Green, 1975).  The liver showed signs of centrilobular and midzonal necrosis.

Chronic systemic poisoning by any route of exposure may produce symptoms of vomiting,
dysphagia, salivation, diarrhea, loss of appetite, headache, fainting, dizziness, and mental
disturbances (Sittig, 1981).  Skin rash and discoloration may also result from prolonged or
repeated exposure of the skin.  Death may result from severe damage to the liver and kidneys.
Oral poisoning has resulted in kidney problems (likely from the direct action of cresol) and
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pancreatitis (from constriction of the pancreatic ducts) (Klimkiewicz et al., 1974, as reported in
HSDB, 1995).

V. Effects of Exposures to Animals

The effects of inhaled o-cresol were examined in several species (Uzhdavini et al., 1972, as
reported in ATSDR, 1992 and U.S. EPA, 1982).  Cats exposed for 30 minutes to 5-9 mg o-
cresol/m3 showed signs of respiratory irritation as indicated by increased parotid gland
secretions.  Exposure of mice for 2 hrs/day for 1 month to 50 mg o-cresol/m3 did not have an
effect on mortality, however, heart muscle degeneration and degeneration of nerve cells and glial
elements were observed.

Uzhdavini et al. (1972) exposed rats (both sexes, numbers not stated) by inhalation to 9.0 ± 0.9
mg o-cresol/m3, first for 2 months (6 hours/day, 5 days/week), then for 2 more months (4
hours/day, 5 days/week).  Endpoints examined in rats included elementary conditioned defensive
reflex, white blood cell levels, bone marrow elements, and liver function (as indicated by
increased susceptibility to hexobarbital narcosis).   Both cresol-exposed and control animals
showed some loss of the defensive reflex; the effect occurred in all exposed animals before the
end of the second month and in control animals at later times.  White blood cell counts were
elevated in male animals, peaked at the end of the exposure period, and returned to normal one
month after cessation of exposure.  Exposed animals also showed a statistically significant
change in the leukoid-to-erythroid ratio in the bone marrow.  Liver toxicity was suggested by an
extension in the duration of hexobarbital narcosis in treated animals.  Although guinea pigs were
similarly evaluated for changes in blood cell counts and ECG, scant reporting of experimental
detail limits the usefulness of this portion of the study.

NR rats were exposed by inhalation to 0.0052 or 0.05 mg tricresol/m3 for 3 months (Kurliandskii
et al., 1975; as described by U.S. EPA, 1982).  The proportional composition of the compound
was not specified.  Effects observed in the high-dose group included decreased weight gain,
increased central nervous system excitability, increased oxygen consumption, and histological
changes in the lung and liver.  Serum gamma-globulin levels were also reduced.  No effects were
observed in the low-dose group.  Rats (6/group, sex unspecified) were also exposed for 24 hours
to 0.01, 0.1, and 2.4 mg tricresol/m3 with a control group of 6 rats for each exposure group.  The
absorption of neutral red dye by lung tissue was used as an indicator of protein denaturation in
the tissue.  Significantly increased dye absorption over control animals was observed at both 2.4
and 0.1 mg tricresol/m3.  The degree of dye absorption in the low-dose group was not
significantly increased over controls.

In a 90-day subchronic toxicity study (U.S. EPA, 1986), 30 Sprague-Dawley rats/sex/dose were
gavaged daily with 0, 50, 175, or 600 mg/kg/day p-cresol.  Body and organ weights, food
consumption, mortality, clinical signs of toxicity, and clinical pathology were evaluated.  At 600
mg/kg/day, o-cresol showed 47% combined mortality (9/30 males, 19/30 females), and a 30%
reduction in body weight at week 1 and 10% at necropsy.  Kidney-to-body weight ratio was 13%
higher than that of the control value at the end of the study.  CNS effects such as lethargy, ataxia,
coma, dyspnea, tremor, and convulsions were seen within 15 to 30 minutes after dosing; but
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recovery occurred within 1 hour post-gavage.  At 450 mg/kg/day, combined mortality was 10%
(1/10 male, 1/10 female).  In the 175 mg/kg/day group, two animals exhibited tremors on day 1
of the study during the hour following gavage administration, and one of the two became
comatose.  At 50 mg/kg/day, no significant adverse effects were observed (USEPA, 1999a,b).

In a 90-day neurotoxicity study (U.S. EPA, 1987), 10 Sprague-Dawley rats/sex/dose were
gavaged daily with o-cresol at 0, 50, 175, 450, or 600 mg/kg/day.  In addition to the parameters
evaluated above, various signs of neurotoxicity were monitored.  The lowest dose of o-cresol
caused clinical signs of CNS-stimulation post-dosing, such as salivation, rapid respiration, and
hypoactivity; however, these symptoms were low in incidence and sporadic in nature.  Higher
doses of o-cresol (greater than 450 mg/kg/day) produced significant neurological events, such as
increased salivation, urination, tremors, lacrimation, palpebral closure, and rapid respiration.
Animals given high doses also showed abnormal patterns in the neurobehavioral tests.  The
NOAEL based on systemic toxicity was 50 mg/kg/day (USEPA, 1999a,b).

Dermal exposure of rats to 1.0-1.7 ml cresol/kg body weight for 1-2 hours resulted in skin
discoloration and death of the animals (Campbell, 1941).

Exposure to high concentrations of toluene vapors, or to intravenous o-cresol, a toluene
metabolite, at about 0.9 mg/min, caused excitation of the somatosensory evoked potential (SEP)
and electroencephalograph (EEG) of Fischer 344 rats (Mattsson et al., 1989).  Both substances
induced an increase in EEG beta activity and caused a large increase in activity at 5 Hz.  Toluene
exposed rats were lightly anesthetized, while o-cresol rats were conscious but hyperreactive.
When exposure was continued, both sets of rats had involuntary muscle movements and tremors.
Neither benzoic acid and hippuric acid, also metabolites of toluene, caused neuroexcitation.  The
authors concluded that metabolically derived cresols are plausible candidates for the
neuroexcitatory properties of toluene.

In rat liver slices at equimolar concentrations, p-cresol was 5- to 10-times as toxic as the o- or m-
isomers for cell killing (Thompson et al., 1994).  p-Cresol rapidly depleted intracellular
glutathione levels, while the o- and m-isomers depleted it to a lesser extent.  p-Cresol was
metabolized to a reactive intermediate which bound covalently to protein.  The reaction was
inhibited by N-acetylcysteine.

The National Toxicology Program (NTP) sponsored reproductive toxicity tests of cresol isomers
in Swiss CD-1 mice using the risk assessment by continuous breeding (RACB) protocol (Heindel
et al., 1997a, 1997b).  For o-cresol the exposure concentrations in the continuous cohabitation
task were 0.05%, 0.2%, and 0.5% in feed (approximately 60, 220, and 550 mg/kg/day (Heindel
et al., 1997a).  At these doses o-cresol was not a reproductive toxicant.  When a m-/p-cresol
mixture was used at concentrations of 0.25, 1.0 and 1.5% in feed (approximately 370, 1500, and
2100 mg/kg/day), the m/p mixture was a reproductive toxicant, since (1) fewer F1 pups per litter
were produced, (2) both generations showed reduced pup weights, and (3) reproductive organs
showed weight reductions.  Unfortunately the responses were not dose-dependent and the
mixture was judged not to be a selective reproductive toxicant.  Oral gavage administration of o-,
m-, or p-cresol, separately, in rats did not produce selective reproductive toxicity; i.e., for each of
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the cresol isomers, in the absence of parental toxicity, there was no reproductive toxicity.  The
NOEL for reproductive toxicity for each isomer was 175 mg/kg/day (Tyl 1989a, 1989b, 1989c).

VI. Derivation of Inhalation Chronic Reference Exposure Level

Study U.S. EPA, 1987
Study population Sprague-Dawley rats
Exposure method Gavage at 0, 50, 175, 450, or 600 mg/kg-day
Critical effects Decreased body weights and neurotoxicity (tremors,

salivation, lacrimation, etc.)
LOAEL 175 mg/kg-day
NOAEL 50 mg/kg-day
Exposure continuity Daily gavage
Exposure duration 90 days
LOAEL uncertainty factor 1
Subchronic uncertainty factor 3 (90 day study)
Interspecies uncertainty factor 10
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 300
U.S. EPA Reference Dose (RfD) 0.17 mg/kg/day
Route-to-route extrapolation factor 3500 µg/m3 per mg/kg/day
Inhalation chronic REL 600 µg/m3 (100 ppb)

An RfD of 0.05 mg/kg/day was derived by the USEPA for both o-cresol and m-cresol (USEPA
1998a, 1998b; listed as 2-methylphenol and 3-methylphenol).  The RfD for p-cresol was
withdrawn by the USEPA.  U.S EPA used a subchronic uncertainty factor of 10 for a 90 day
study in rats.  In accordance with its approved methodology (OEHHA, 2000), OEHHA used a
factor of 3.

The available literature on the observed toxicity of cresol compounds and cresol mixtures to
humans by inhalation indicates that at high concentrations these compounds are initially toxic
due to their ability to cause chemical burns and are therefore of concern at the site of contact.  In
humans occupationally exposed, inhalation exposure is reported to cause respiratory effects
including the development of pneumonia, pulmonary edema, and hemorrhage (Clayton and
Clayton, 1982).  Other case reports of cresol toxicity to humans are confounded by the presence
of other compounds, such as phenol, formaldehyde, and ammonia (Corcos, 1939; NIOSH, 1974).
The only quantitative information from inhalation exposures to humans, however, comes from
acute exposure studies showing irritation at 6 mg cresol/m3 (Uzhdavini et al., 1972, as reported
in ATSDR, 1992).  Toxic effects reported in animals include bone marrow and liver toxicity in
rats from 4 month exposure to 9 mg cresol/m3 (Uzhdavini et al., 1972, as reported in U.S. EPA,
1982).  Other animal studies have shown more systemic effects from inhalation exposure to
cresols.  Uzhdavini et al., 1972 reported cardiac and nerve cell degeneration in mice exposed for
2 hour/day for 1 month to 50 mg o-cresol/m3.  Kurliandskii et al. (1975) (as reported in HSDB,
1995) observed decreased weight gain with histological changes in the liver and lungs of rats
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exposed for 3 months to 0.05 mg tricresol/m3.  Although this study reports adverse effects at
levels below those observed in the Uzhdavini et al. (1972) study, limited experimental detail
precludes the use of these data in the development of the chronic REL.

The only useful inhalation data for the development of a chronic REL are those showing
hematological toxicity to the bone marrow of rats exposed for 4 months to o-cresol (Uzhdavini et
al. (1972) as reported in U.S. EPA, 1982).  These authors report a LOAEL of 9 mg tricresol/m3.
OEHHA staff decided not to use this study.  (1) A complete translation from the original Russian
was not available so that only the interpretations of others were available. (2) Some endpoints
tested are not commonly used in toxicology.  And (3) some of the results reported were unusual
(e.g., elevation of white blood cells in male but not female rats).

As noted above, the inhalation study conducted by Kurliandskii et al. (1975) suggests that
adverse health effects occur in experimental animals at exposure levels considerably below those
reported by Uzhdavini et al. (1972) (9 mg/m3 vs. 0.05 mg/m3).  The report from which the lower
level is drawn has limitations.  Human subjects exposed briefly to levels below the LOAEL have
reported respiratory irritation.

VII. Data Strengths and Limitations for Development of the REL

The strengths of the REL for cresols include the use of measured exposure data of animals
exposed over a significant fraction of their lifetime.  Major areas of uncertainty are route-to-route
extrapolation, the lack of chronic human data, and the paucity of reproductive and developmental
toxicity studies.  Additional inhalation studies of cresols will be useful.
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